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Background: The humeral subluxation index (HSI) is frequently assessed on computed tomography (CT)
scans in conditions of the shoulder characterized by humeral displacement. An arbitrarily set HSI cutoff
value of 45% for anterior subluxation and 55% for posterior subluxation has been widely accepted. We
studied whether mean values and thresholds of humeral subluxation, in relation to the glenoid and scapula,
were influenced by different imaging modalities.
Methods: The HSIs referenced to the scapula (SHSI) and glenoid (GHSI) were compared between con-
ventional CT scans, CT scans reoriented into the corresponding reference plane (ie, scapular plane for the
SHSI and glenoid center plane for the GHSI), and 3-dimensional (3D) CT reconstructions of 120 healthy
shoulders. The 95% normal range determined the cutoff values of humeral subluxation.
Results: The SHSI thresholds for conventional, reoriented, and 3D CT scans were 33%-61%, 44%-
68%, and 49%-61%, respectively. A different mean SHSI was found for each imaging modality (conventional,
47%; reoriented, 56%; 3D, 55%; P ≤ .014), with the conventional SHSI showing an underestimation in
89% of the cases. GHSI thresholds for conventional, reoriented, and 3D CT scans were 40%-61%, 44%-
56%, and 46%-54%, respectively. The mean GHSI did not differ between each imaging modality (conventional,
51%; reoriented, 50%; 3D, 50%; P = .146).
Conclusions: The SHSI and GHSI are susceptible to different imaging modalities with consequently dif-
ferent cutoff values. The redefined HSI cutoff values guide physicians in the evaluation of humeral subluxation
in conditions characterized by humeral displacement, depending on the available image data.
Level of evidence: Level III; Diagnosis Study
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Static posterior humeral head displacement has been as-
sociated with several pathologic shoulder conditions, including
glenohumeral dysplasia secondary to brachial plexus palsy,3,9,32
glenoid rim fractures,26 and primary glenohumeral osteoar-
thritis (GHOA).15,24 In these conditions, radiographic evaluation
of the static position of the humeral head is of interest for
the assessment of the pathoanatomy,3,9,15,32 guidance of treat-
ment decision-making,19,26,31 preoperative planning,11 outcome
prediction,30 and evaluation for realignment procedures.11,20,31
Posterior humeral head displacement is typically mea-
sured as the posterior offset of the center of the humeral head
in relation to the center line of the glenoid or the scapular
body.22 When the segment posterior to the reference line is
normalized to the humeral head diameter, the resulting ratio
represents the static posterior humeral head subluxation index
(HSI).11 This measurement, originally described by Badet et al1
as a static measurement determined on computed tomogra-
phy (CT) scans, was used by Walch et al29 to characterize
humeral head displacement in GHOA and was adapted to a
classification of glenoid morphology of primary GHOA.28
Glenoid wear was classified on the basis of the position of
the humeral head, with type A representing a well-centered
humeral head, type B defined by a posteriorly subluxated
humeral head, and type C a true dysplasia with a retro-
verted glenoid. In this classification of glenoid morphology,
anterior and posterior subluxation with respect to the glenoid
has been arbitrarily set at an HSI of 45% and 55%, respec-
tively. Clinical studies emphasize the importance of an accurate
assessment of the subluxation index in GHOA as the poste-
riorly subluxated type (type B) is a risk factor for accelerated
glenoid component loosening of total shoulder arthroplasty
and worse clinical outcomes compared with well-centered type
A glenoids.14,18,19,30 Therefore, the HSI is generally assessed
in GHOA before considering an anatomic total shoulder
arthroplasty.
Whereas the original HSI referenced the glenoid center
line,1,28,29 more recent studies reference the scapular body as
it is independent of acquired bone loss and glenoid
deformity.19,24,32 In the proposed modification of the original
Walch classification, the HSI was assessed with respect to the
scapula without changing the cutoff values of subluxation.2
Given that the glenoid has an average retroversion of
approximately 3°-5° to the plane of the scapula,5,10,16,25 a dif-
ference between the posterior HSI in relation to the glenoid
(GHSI) and scapula (SHSI), with subsequently different cutoff
values, has recently been proven.16
With the introduction of 3-dimensional (3D) recon-
structed CT scans, conventional 2-dimensional (2D) measures
of glenoid version, inclination, and the HSI have been con-
verted to 3D.5,8,13,17,22 These 3D measures are more accurate
and reproducible than the corresponding 2D measures because
they provide a standardized orientation of the scapula with
a more global evaluation of the anatomy, independent of slice
selection.5,8,13,17 Similarly, measurements on axial 2D CT scan
slices reoriented into the plane of the scapula proved to be
more accurate and reproducible than the corresponding con-
ventional 2D measures.4,8
The 95% prediction interval, or normal range, has been
described as the range within which the HSI of a healthy
person is expected to lie.21 Because the normal range depends
on the standard deviation (SD), and different imaging mo-
dalities have been proven to have different variances,4,5 cutoff
values might also differ between imaging modalities. There-
fore, the aim of this study was to determine whether mean
values and cutoff thresholds of humeral subluxation in rela-
tion to the glenoid and scapula are influenced by different
imaging modalities in healthy shoulders. The null hypothe-
sis was that each imaging modality would have the same mean
HSI with the same cutoff thresholds for subluxation.
Materials and methods
In this retrospective diagnostic study, electronic medical records
were reviewed to select a normal population based on medical history,
clinical examination, and radiographic findings. Skeletally mature
patients with unilateral disease of the shoulder and an available bi-
lateral CT scan obtained between 2006 and 2008 were included. The
CT scan of the healthy side was used for further analysis. Patients
with shoulder instability were excluded.
The CT scans (Siemens, Erlangen, Germany; 140 kVp tube
voltage, 512 × 512 acquisition matrix, ≤1.5-mm slice thickness, 500-
mm field of view, 0.97-mm pixel size) were taken in a standardized
supine position by use of an orthosis with the upper arm fixed to
the trunk and the forearm pointing forward (Fig. 1) and were
Figure 1 Standardized supine position for computed tomography scanning of the shoulder.
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imported into Mimics (Materialise, Leuven, Belgium) to create 3D
reconstructed models.
Because the 2D measures were standardized by use of 3D land-
marks and reference planes, the measurement protocol started with
the selection of 3 bone landmarks on the 3D reconstructions to de-
termine the scapular plane: the most inferior point of the scapula,
the most medial point of the medial scapular border at its intersec-
tion with the scapular spine, and the midpoint of the best-fit circle
of the inferior two-thirds of the glenoid. The glenoid center plane
was defined by the plane perpendicular to the best-fit inferior glenoid
circle, passing through the supraglenoid tubercle and the midpoint
of this circle (Fig. 2). The center of the best-fit sphere of the humeral
head represented the humeral center of rotation. The 3D SHSI and
GHSI were calculated as the sum of the humeral head radius and
the posterior offset of center of rotation with respect to the scapu-
lar plane and glenoid center plane, respectively, normalized to the
humeral head diameter.16,17
Reoriented axial slices were created along the plane orthogo-
nal to the scapular and glenoid center plane, through the midpoint
of the best-fit circle of the glenoid, similar to the technique de-
scribed by Budge et al.5 The 2D SHSI was assessed on the
conventional and reoriented CT scans at the level of the midpoint
of the best-fit circle, similar to the method described by Mizuno et al.19
The line perpendicular to the scapular body center line, through the
widest portion of the humeral head, was drawn. The percentage of
the humeral head posterior to the scapular body center line deter-
mined the 2D SHSI. Likewise, the 2D GHSI was assessed on the
conventional and reoriented CT scans to the glenoid center plane,
with the glenoid center line being the reference line (Fig. 3).
Statistical analysis
Normality of the data was verified by inspection of q-q plots, his-
tograms, and the Shapiro-Wilk test. Descriptive statistics were
calculated and used to determine the normal range (mean ± 2 SD).
The means of the different imaging modalities were compared using
repeated-measures analyses of variance with Greenhouse-Geisser
corrections. A post hoc test using the Bonferroni correction was
applied for pairwise comparisons as appropriate, depending on the
results of the repeated-measures analyses of variance. The intraclass
correlation coefficient (ICC) with a 2-way random single-measures
and absolute agreement model determined the inter-rater reliabili-
ty in the measurements for each imaging modality of 20 randomly
selected subjects. ICCs were rated as follows: <0.40, poor; 0.40-
0.59, fair; 0.60-0.74, good; and ≥0.75, excellent.7 The agreement
between 2D and 3D measurements was analyzed with a Bland-
Altman plot as a function of the difference in the techniques of
measurement on the same subjects. P values ≤ .05 were consid-
ered statistically significant. Statistical analyses were performed with
SPSS Statistics, version 24.0 (SPSS Inc., Armonk, NY, USA). Graphs
were created using GraphPad Prism, version 7.00 (GraphPad Soft-
ware, La Jolla, CA, USA).
Results
CT scans of 120 healthy shoulders were enrolled in this study.
There were 60 women and 60 men, with a mean age of 44
years (19-80 years), with 71 left and 49 right shoulders. In-
dications for CT scan examination of the contralateral shoulder
were proximal humeral fractures, tendinitis of the long head
of the biceps, calcifying tendinitis, rotator cuff tears, sub-
acromial impingement, acromioclavicular joint osteoarthritis,
and frozen shoulder. This population has been previously used
as a control group in studies that established the applied 3D
measurements.15,16
The humeral head was anteriorly displaced in relation to
the scapula on conventional 2D CT scans with a mean SHSI
of 47%, whereas reoriented and 3D reconstructed CT scans
showed a posterior displacement with a mean SHSI of 56%
and 55%, respectively (Table I). The 3D assessment altered
the SHSI measurement compared with conventional (P < .001)
and reoriented (P = .014) CT scans. Pairwise comparison
between the mean SHSI in conventional and reoriented 2D
CT scans showed a larger index for the latter (P < .001). A
representation of the difference between the 3D SHSI and
Figure 2 Representation of the 3-dimensional reference planes
on a right scapula. The scapular plane (black, solid) was defined
by 3 landmarks at the most medial edge of the scapular border at
its intersection with the scapular spine, the most inferior point of
the scapula, and the midpoint (M) of the best-fit circle of the infe-
rior glenoid. The glenoid center plane (gray, transparent) was defined
by the plane perpendicular to the best-fit inferior glenoid circle,
passing through the supraglenoid tubercle and the midpoint (M) of
this circle.
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conventional 2D SHSI by a Bland-Altman plot showed a dif-
ference >0% in 107 subjects (89%) with a bias of 7%,
indicating that SHSI was underestimated on standard 2D CT.
The SHSI was overestimated on reoriented 2D CT scans in
74 subjects (62%) with a bias of −1% in relation to the mean
3D SHSI (Fig. 4, A).
In contrast, no difference was found between the mean con-






Figure 3 The scapular center line (dashed line) connected the medial scapular border with the midpoint (M) of the best-fit inferior glenoid
circle and determined the scapulohumeral subluxation index (SHSI) on (A) conventional and (B) corrected 2-dimensional (2D) axial com-
puted tomography (CT) scans. The line orthogonal to the scapular center line through the widest portion of the humeral head (white solid
line) defined the SHSI as being BC/AC × 100%. (C) The 3-dimensional (3D) SHSI was calculated as the sum of the humeral head radius
(r) and the posterior offset of the humeral head (P) with respect to the scapular center plane, as a percentage of the humeral head diameter.
The same measurements with respect to the glenoid center line in 2D (dashed line) and glenoid center plane in 3D determined the gleno-
humeral subluxation index (GHSI) on (D) conventional, (E) corrected, and (F) 3D CT scans. Note that in the presented subject, the humeral
head is quasi-centered to the glenoid on all 3 imaging modalities, where the measurement with respect to the scapula presents a minor an-
terior humeral displacement on conventional scans and a minor posterior displacement on reoriented and 3D CT scans. The acromion was
resected from the 3D models for viewing purposes.
Table I Descriptive statistics
Mean (%) Standard deviation (%) Minimum (%) Maximum (%) 95% confidence interval (%)
Standard 2D SHSI 47 7 24 62 46-49
Reoriented 2D SHSI 56 6 37 70 55-57
3D SHSI 55 3 45 65 54-55
Standard 2D GHSI 51 5 39 70 50-52
Reoriented 2D GHSI 50 3 43 57 50-51
3D GHSI 50 2 44 58 50-51
2D, two-dimensional; SHSI, scapulohumeral subluxation index; 3D, three-dimensional; GHSI, glenohumeral subluxation index.
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50%, respectively; P = .146). A Bland-Altman plot between
the 3D GHSI and conventional 2D GHSI showed an over-
estimation in 62 subjects (52%) with a bias of −1%. The GHSI
on reoriented 2D CT scans was underestimated in 48 sub-
jects (40%) with a bias of 0% (Fig. 4, B). The increasing order
of the SD was conventional 2D, reoriented 2D, and 3D mea-
sures, with subsequently smaller thresholds of subluxation in
the same order for both the GHSI and the SHSI (Table II).
The inter-rater reliability as determined by ICCs was excel-
lent for the reoriented and 3D measurements (reoriented 2D
SHSI, 0.829; 3D SHSI, 0.856; reoriented 2D GHSI, 0.786;
and 3D GHSI, 0.753), good for the conventional 2D SHSI
(0.639), and moderate for the conventional 2D GHSI (0.514).
Discussion
To our knowledge, this is the first study to show that the sub-
luxation cutoff value of the HSI is susceptible to the applied
imaging modality. The largest influence was noted for the mea-
surement referenced to the scapular plane, with differences
between the mean SHSI for each imaging modality. Al-
though no significant difference was found between the
measurements referring to the glenoid, a wider range of HSI
cutoff values was found for the conventional 2D measures
compared with the reoriented and 3D measures. The same
trend was seen for the reproducibility of the measures, with
a weaker reliability for the measurements assessed on con-
ventional 2D CT scans compared with reoriented and 3D CT
scans. The currently accepted HSI cutoff values of 45% for
anterior subluxation and 55% for posterior subluxation applied
only for the reoriented 2D and 3D GHSI, with cutoff values
within 1% of the thresholds.
The difference between the SHSI and GHSI cutoff values
of subluxation is an important finding as both measures with
the same cutoff values are interchangeably used in the liter-
ature. The findings in this study confirm those of prior studies
that have proven that HSI measurements to the glenoid differ
with those measured to the scapula.16,22 The anatomic rela-
tionship between the scapula and glenoid can explain this
difference as the glenoid is typically in retroversion with
respect to the scapula. Within our data set, we saw that the
glenoid plane is also slightly anteriorly tilted to the scapu-
lar plane, which can contribute to this difference between GHSI
and SHSI measures.
Our results showed a difference between each imaging mo-
dality for the SHSI. This finding is in line with a previous
study by Chalmers et al, in which biconcave glenoids with
retroversion and severe GHOA (type B2 glenoids) were studied
by use of conventional, reoriented, and 3D CT scans.6 They
reported a significant difference between each imaging mo-
dality with an underestimation of the SHSI in the 2D imaging
modalities compared with 3D. Also, the uncorrected,
A
B
Figure 4 Bland-Altman plots representing the agreement between
paired measurements of (A) scapulohumeral subluxation index (SHSI)
and (B) glenohumeral subluxation index (GHSI) with correspond-
ing 95% limits of agreement (conventional computed tomography
[CT] scans, black dashed lines; reoriented CT scans, gray dashed
lines). The differences between the measurements assessed on
3-dimensional (3D) and conventional 2-dimensional (2D) CT scans
(black dots) present worse agreement with the 3D measurements
compared with the differences between those measured on 3D and
reoriented 2D CT scans (white dots), given the smaller scatter and
range of the limits of agreement. Note that in (A), a shift occurs
from a substantial underestimation for the SHSI on conventional CT
scans to a small overestimation for the measurement on reoriented
CT scans.






Standard 2D SHSI <33 >61
Reoriented 2D SHSI <44 >68
3D SHSI <49 >61
Standard 2D GHSI <40 >61
Reoriented 2D GHSI <44 >56
3D GHSI <46 >54
2D, two-dimensional; SHSI, scapulohumeral subluxation index; 3D, three-
dimensional; GHSI, glenohumeral subluxation index.
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conventional 2D images showed the smallest SHSI. The dif-
ference in SHSI between imaging modalities can be explained
by the fact that the humeral head is not in line with the scapula.
A correction of the scapular orientation around the scapular
center line will therefore lead to a different viewing perspec-
tive of the humeral head with respect to the scapula, which
will influence the assessed SHSI. Uncorrected CT scans
capture the scapula in its anatomic, anteriorly tilted posi-
tion, which leads to an angulated projection of the anatomy
in relation to the slice direction of the scan.12,13 Because the
humeral head is slightly posterior to the scapula, this tilt will
depict the humeral head in a more anterior position with respect
to the reference line of the SHSI, which results in an under-
estimation of posterior humeral head displacement (Fig. 5).
In contrast, no difference was found for the GHSI because
the humeral head was centered to the glenoid. As a result,
the viewing perspective of the humeral head to the center line
or plane will not change drastically when images are
corrected to this reference line or plane because the rota-
tional axis bisects the humeral head. However, this applies
only to healthy shoulders. In a pathologic population with a
posterior displaced humeral head, the same phenomenon as
for the SHSI will occur.
A difference of 11% between the reoriented 2D and 3D
SHSI in GHOA with type B2 glenoids was reported by
Chalmers et al,6 whereas our study in healthy shoulders found
a difference of 1%. This larger difference in SHSI between
reoriented 2D and 3D scans of type B2 glenoids can be at-
tributed to the fact that reoriented CT scans corrected for all
anatomic planes of the body but did not take the position of
the center of the humeral head into account. Subluxation mea-
surements on these corrected scans depend on the selected
slice, which rarely contains the center of the humeral head.17
In pathologic conditions characterized by a posterior humeral
migration, such as glenoid dysplasia secondary to brachial
plexus palsy or GHOA, additional displacement in the superior-
inferior direction can be present.3,9,15,24 In these cases, a 3D
evaluation is favorable as it evaluates the true position of the
humeral head, independent of CT slice selection.3
Scapular measures are primarily defined by anatomic land-
marks that rely on osseous contours or prominences. The effect
of different viewing perspectives on scapular measures,
and thus these anatomic landmarks, has been widely
studied.6,8,12,13,23,25 These studies have demonstrated differ-
ences in glenoid version12,13,25 and glenoid inclination8 between
standard, reoriented, and 3D CT scans. This emphasizes the
need for standardization of viewing perspectives and scap-
ular orientation to eliminate different projections of scapular
landmarks. Because the HSI measurement crosses the gle-
nohumeral joint and relies on anatomic landmarks of 2
separately moving bones, this measurement is intuitively even
more subject to different projections of the anatomy on 2D
CT scans.
This study is not without limitations. The described 2D
measures depend on the shape of the glenohumeral joint on
the selected slice. Slice selection and humeral rotation are po-
tential confounding factors and were therefore standardized
in our study protocol. This allowed us to standardize the orig-
inal vague criteria for slice selection, with better inter-rater
reliability as a result.17 On the other hand, this standardiza-
tion limits the use of the determined cutoff values to protocols
that are similar to the one used in this study. Less standard-
ized protocols will inherently have a higher variance, resulting
in a wider HSI threshold for subluxation. Several tech-
niques to determine the midpoint of the glenoid have been
reported and could potentially lead to a different measure-
ment of humeral displacement when used as a reference. The
technique described by Ganapathi et al,10 however, has a similar
3D glenohumeral relationship to our protocol, making it a val-
uable alternative.27 In addition, we did not validate the
determined guidelines for magnetic resonance imaging or for
children, which could be of interest especially in children with
glenohumeral dysplasia secondary to neonatal brachial plexus
palsy.9 Nevertheless, our study is of relevance because CT
Figure 5 En face view of a 3-dimensional reconstructed scapula
showing the shift (solid arrow) from an anteriorly (gray dot) to a
posteriorly (black dot) displaced center of rotation (COR) of the
humeral head occurring in reorienting slice direction of a conven-
tional computed tomography scan in line with the scapular plane
(black plane). Hereby, the anatomic, anteriorly tilted position of the
scapula (transparent scapula) is rotated around the scapular center
line (dashed arrow), leading to a different projection of the humeral
head in relation to the reoriented scapula (solid scapula), as this ro-
tational axis does not bisect the humeral head. This explains the
underestimation of the scapulohumeral subluxation index when it
is assessed on conventional computed tomography scans.
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scans are still commonly used in pathologic conditions char-
acterized by humeral head migration to address associated
glenoid bone loss and deformity.
Conclusion
Our findings emphasize that different imaging modali-
ties and the use of different reference lines and planes to
measure humeral head displacement result in different HSI
cutoff values. Posterior subluxation measured with respect
to the scapula differed between each imaging modality
because the humeral head was not aligned to the scapula
in the same ways. This resulted in a different projection
of the humeral head, leading to an underestimation of the
measurement assessed on conventional CT scans. Cur-
rently accepted cutoff values applied only for the reoriented
2D and 3D measurement with respect to the glenoid. A
3D assessment was the most appropriate to address humeral
displacement, with reoriented CT scans being a valuable
alternative in healthy shoulders. However, a 3D assess-
ment might be even more important in pathologic
conditions of the shoulder as humeral displacement is in
most pathologic processes part of a 3D deformity. The re-
defined cutoff values are of clinical relevance as they can
be seen as a baseline that guides physicians in their
decision-making, preoperative planning, and postopera-
tive alignment assessments based on the available imaging
modality in different clinics.
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